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(54) ELECTROMAGNETIC RELAY

(67)  An electromagnetic relay includes a fixed con-
tact part (10) including a fixed terminal (12) and a fixed
contact (11) connected to the fixed terminal, a movable
contact part (20) including a movable contact spring (22)
and a movable contact (21) connected to the movable
contact spring, an armature (40) to which the movable
contact part is connected, an electromagnet (30) config-
ured to move the armature, a magnet (50) configured to
stretch an arc generated between the fixed contact and

FIG.1
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the movable contact, and a first arc extinguishing plate
(61) and a second arc extinguishing plate (62) configured
to extinguish the stretched arc. The fixed contact and the
movable contact are disposed between the first arc ex-
tinguishing plate and the second arc extinguishing plate.
The magnet is disposed between a first pair of the fixed
contact part and the movable contact part and a second
pair of the fixed contact part and the movable contact part.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] An aspect of this disclosure relates to an elec-
tromagnetic relay.

2. Description of the Related Art

[0002] An electromagnetic relay is an electronic com-
ponent that turns on and off electric power using an elec-
tromagnet. When an electromagnetic relay is used for
high-voltage power or direct-current power, an arc may
be generated between contacts and the arc may reduce
the life of the electromagnetic relay (see, for example,
Takuya HARA, Junya SEKIKAWA, "Influence of Contact
Material Vapor on Thermodynamic and Transport Prop-
erties of Arc Plasmas Occurring between Ag and
Ag/SnO2 contact pairs", IEICE TRANSACTIONS on
Electronics Vol.E97-C No.9 pp.863-866, 2014/09/01).
[0003] Inaknown method, a permanent magnetis pro-
vided near the contacts so thatan arc, which is generated
when the contacts are moved apart from each other, is
extinguished by a magnetic field generated by the per-
manent magnet and the power is shut off quickly (see,
forexample, Japanese Laid-Open Patent Publication No.
2012-256452, Japanese Laid-Open Patent Publication
No. 2015-220180, and Japanese Laid-Open Patent Pub-
lication No. 2012-199113).

[0004] Electromagnetic relays are generally produced
based on an assumption that the electric current flows in
one direction. However, in electric vehicles and photo-
voltaic power generation systems, a large high-voltage
current flows in both directions for charging and discharg-
ing. Therefore, there is a demand for an electromagnetic
relay that can quickly extinguish an arc regardless of the
direction in which an electric current flows.

SUMMARY OF THE INVENTION

[0005] Inan aspectofthis disclosure, there is provided
an electromagnetic relay that includes a fixed contact
part including a fixed terminal and a fixed contact con-
nected to the fixed terminal, a movable contact part in-
cluding a movable contact spring and a movable contact
connected to the movable contact spring, an armature
to which the movable contact part is connected, an elec-
tromagnet configured to move the armature, a magnet
configured to stretch an arc generated between the fixed
contact and the movable contact, and a first arc extin-
guishing plate and a second arc extinguishing plate con-
figured to extinguish the stretched arc. The electromag-
netic relay is configured such that the armature is moved
by a magnetic field generated by the electromagnet to
cause the movable contact to contact the fixed contact.
The fixed contact and the movable contact are disposed
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between the first arc extinguishing plate and the second
arc extinguishing plate. The electromagnetic relay in-
cludes afirst pair of the fixed contact part and the movable
contact part and a second pair of the fixed contact part
and the movable contact part, and the magnetis disposed
between the first pair of the fixed contact part and the
movable contact part and the second pair of the fixed
contact part and the movable contact part.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a perspective view of an electromagnetic
relay according to a first embodiment;

FIG. 2 is a side view of the electromagnetic relay
according to the first embodiment;

FIG. 3 is a front view of the electromagnetic relay
according to the first embodiment;

FIG. 4 is a perspective view of an insulation case of
the electromagnetic relay according to the first em-
bodiment;

FIG. 5 is a perspective view of a cover of the elec-
tromagnetic relay according to the first embodiment;
FIG. 6 is a side view of the electromagnetic relay
with the cover according to the first embodiment;
FIG. 7 is a cross-sectional view of the electromag-
netic relay according to the first embodiment;

FIG. 8 is a drawing used to describe a mechanism
for extinguishing an arc;

FIGs. 9A through 9C are drawings used to describe
a mechanism for extinguishing an arc;

FIGs. 10A and 10B are drawings used to describe a
mechanism for extinguishing an arc;

FIG. 11 is a drawing used to describe a mechanism
for extinguishing an arc;

FIGs. 12A through 12C are drawings used to de-
scribe a mechanism for extinguishing an arc;

FIGs. 13A and 13B are drawings used to describe a
mechanism for extinguishing an arc;

FIG. 14 is a drawing illustrating an electromagnetic
relay according to a first variation of the first embod-
iment;

FIG. 15 is a drawing illustrating an electromagnetic
relay according to a second variation of the first em-
bodiment;

FIG. 16 is a cross-sectional view of the electromag-
netic relay according to the second variation of the
first embodiment;

FIG. 17 is a drawing illustrating a cover of the elec-
tromagnetic relay according to the second variation
of the first embodiment;

FIG. 18 is a perspective view of an electromagnetic
relay according to a second embodiment;

FIG. 19 is a front view of the electromagnetic relay
according to the second embodiment;

FIG. 20 is a front view of an electromagnetic relay
of a comparative example;
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FIG. 21 is a front view of an electromagnetic relay
according to a variation of the second embodiment;
FIG. 22 is a perspective view of an electromagnetic
relay of a comparative example;

FIG. 23 is a perspective view of an electromagnetic
relay according to a third embodiment;

FIG. 24 is a drawing illustrating an armature of the
electromagnetic relay according to the third embod-
iment; and

FIG. 25 is a front view of an electromagnetic relay
according to a variation of the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0007] Embodiments of the present invention are de-
scribed below. The same reference number is assigned
to the same component, and repeated descriptions of
the same component are omitted.

<FIRST EMBODIMENT>

[0008] An electromagnetic relay (hereinafter referred
to as "relay") according to a firstembodiment is described
with reference to FIGs. 1 through 3. The relay of the first
embodiment includes a fixed contact part 10 including a
fixed contact 11 and a fixed terminal 12, and a movable
contact part 20 including a movable contact 21 and a
movable spring 22. In the first embodiment, the relay in-
cludes two pairs of the fixed contact part 10 and the mov-
able contact part 20. In the descriptions below, one of
the two pairs including a fixed contact part 10a and a
movable contact part 20a is referred to as a first contact
pair, and the other one of the two pairs including a fixed
contact part 10b and a movable contact part 20b is re-
ferred to as a second contact pair.

[0009] An electromagnet 30 is provided on the side of
the relay where the movable contact parts 20 are provid-
ed. An armature 40 is provided near an end of the elec-
tromagnet 30. The armature 40 is bent into a shape like
aninverted V. A portion of the armature 40 near the bend
is in contact with a yoke 81, and the armature 40 is ro-
tatable around the portion that is in contact with the yoke
81. The armature 40 is divided at the bend into a first
side 40ato be broughtinto contact with the electromagnet
30 and a second side 40b connected to the movable con-
tact parts 20.

[0010] A permanent magnet 50 for extinguishing an
arc is provided between the first contact pair and the sec-
ond contact pair. The permanent magnet 50 is disposed
such thatthe longitudinal direction of the permanent mag-
net 50 becomes orthogonal to a line connecting the fixed
contacts 11 of both of the fixed contact part 10a and the
fixed contact part 10b. As indicated by dotted arrows in
FIG. 3, on the side of the first contact pair, the magnetic
field of the permanent magnet 50 is oriented in a direction
away from the permanent magnet 50, i.e., substantially
in -y direction near the fixed contact 11 and the movable
contact 21.
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[0011] Afirstarc extinguishing plate 61 is provided be-
low the fixed contact 11 and the movable contact 21 of
the first contact pair, and a second arc extinguishing plate
62 is provided above the fixed contact 11 and the mov-
able contact 21 of the first contact pair. More specifically,
the first arc extinguishing plate 61 is disposed away from
the fixed contact 11 and the movable contact 21 of the
first contact pair in -z direction, and the second arc ex-
tinguishing plate 62 is disposed away from the fixed con-
tact 11 and the movable contact 21 of the first contact
pair in +z direction. Similarly, a first arc extinguishing
plate 61 is provided below the fixed contact 11 and the
movable contact 21 of the second contact pair, and a
second arc extinguishing plate 62 is provided above the
fixed contact 11 and the movable contact 21 of the sec-
ond contact pair.

[0012] Thus,the fixed contact 11 and the movable con-
tact 21 are disposed between the first arc extinguishing
plate 61 and the second arc extinguishing plate 62. Also,
the direction from the first contact 11 and the movable
contact 21 toward the first arc extinguishing plate 61 and
the direction from the first contact 11 and the movable
contact 21 toward the second arc extinguishing plate 62
are substantially orthogonal to the direction of the mag-
netic field of the permanent magnet 50. In other words,
the direction in which the fixed contact 11 and the mov-
able contact 21, the first arc extinguishing plate 61, and
the second arc extinguishing plate 62 are arranged is
substantially orthogonal to the direction of the magnetic
field of the permanent magnet 50. Also, the direction in
which the fixed contact 11 and the movable contact 21,
the first arc extinguishing plate 61, and the second arc
extinguishing plate 62 are arranged, i.e., z direction, is
substantially parallel to the longitudinal direction of the
permanent magnet 50.

[0013] The first arc extinguishing plate 61 and the sec-
ond arc extinguishing plate 62 are formed of ceramic such
as alumina (aluminum oxide). The first arc extinguishing
plate 61 and the second arc extinguishing plate 62 may
instead be formed of a non-magnetic metal such as cop-
per or aluminum. However, the first arc extinguishing
plate 61 and the second arc extinguishing plate 62 are
preferably formed of alumina, because alumina has a
melting point of 2027 °C that is higher than the melting
points of non-magnetic metals, and has high thermal re-
sistance. Forming the arc extinguishing plates 61 and 62
with a material having high thermal resistance makes it
possible to reduce damage such as ablation caused by
an arc on the arc extinguishing plates 61 and 62.
[0014] In the first embodiment, as illustrated in FIGs.
4 through 7, the first arc extinguishing plate 61 and the
second arc extinguishing plate 62 are disposed between
an insulation case 90 covering the electromagnet 30 and
a cover 95 covering the entire relay. More specifically,
the first arc extinguishing plate 61 and the second arc
extinguishing plate 62 are disposed between the cover
95 and a side wall 91 of the insulation case 90 covering
the permanent magnet 50. FIG. 4 is a perspective view
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of the insulation case 90, and FIG. 5is a perspective view
of the cover 95. FIG. 6 is a side view of the relay, and
FIG. 7 is a cross-sectional view of the relay taken along
a dashed-dotted line 6A-6B of FIG. 6.

[0015] A press-in socket 92a into which the first arc
extinguishing plate 61 is inserted and a press-in socket
92b into which the second arc extinguishing plate 62 is
inserted are formed on the outer side of the side wall 91.
Also, a protrusion 96 is formed on the inner side of the
cover 95 at a position corresponding to the socket 92a
and the socket 92b.

[0016] The protrusion 96 is formed on the inner side
of the cover 95 at a position corresponding to the first arc
extinguishing plate 61 and the second arc extinguishing
plate 62. The length of the end portion of the first arc
extinguishing plate 61 pressed into the socket 92ais long-
er than the distance between the protrusion 96 and the
other end of the first arc extinguishing plate 61. Also, the
length of the end portion of the second arc extinguishing
plate 62 pressed into the socket 92b is longer than the
distance between the protrusion 96 and the other end of
the second arc extinguishing plate 62. Accordingly, with
the cover 95 placed over the insulation case 90, the pro-
trusion 96 prevents the first arc extinguishing plate 61
and the second arc extinguishing plate 62 from coming
out of the socket 92a and the socket 92b.

[0017] Inthefirstembodiment, when an electric current
flows through the electromagnet 30, a magnetic field is
generated by the electromagnet 30, and the first side 40a
ofthe armature 40, which is formed of a magnetic material
such as iron, is attracted by the magnetic field and con-
tacts the electromagnet 30. As a result, the armature 40
rotates around the portion contacting the yoke 81, the
movable contact part 20 connected to the second side
40b of the armature 40 moves toward the fixed contact
part 10, and the movable contact 21 contacts the fixed
contact 11. Thus, the movable contact 21 and the fixed
contact 11 are electrically connected to each other and
the relay is turned on to allow an electric current to flow
via the movable contact 21 and the fixed contact 11.
[0018] When the electric current flowing through the
electromagnet 30 is stopped, the magnetic field gener-
ated by the electromagnet 30 disappears, and the force
attracting the armature 40 disappears. Then, due to the
restoring force of a spring 70, the armature 40 rotates in
a direction to move the movable contact 21 away from
the fixed contact 11. As a result, the movable contact 21
and the fixed contact 11 are electrically disconnected
from each other, and the relay is turned off.

[0019] Whenthe movable contact21 moves away from
the fixed contact 11, an arc is generated between the
movable contact 21 and the fixed contact 11. The arc is
stretched by the magnetic field of the permanent magnet
50 and contacts either the first arc extinguishing plate 61
or the second arc extinguishing plate 62, and heat is re-
moved from the arc by the arc extinguishing plates 61
and 62. As aresult, the conductivity of the arc is reduced,
the arc current is decreased, and the arc is quickly ex-
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tinguished. Also, a shape of the stretched arc contacting
the first arc extinguishing plate 61 or the second arc ex-
tinguishing plate 62 is made into an M-shape and makes
it possible to stretch the arc with a smaller space.
[0020] The fixed contact 11 is disposed on the fixed
terminal 12 in a position that is closer to the permanent
magnet 50 than the center of the fixed terminal 12 in the
width direction, and the movable contact 21 is disposed
on the movable spring 22 in a position that is closer to
the permanent magnet 50 than the center of the movable
contact spring 22 in the width direction. Each of the fixed
terminal 12 and the movable spring 22 has a width that
is necessary to conduct electricity. When the fixed con-
tact 11 is provided in the center of the fixed terminal 12
and the movable contact 21 is provided in the center of
the movable spring 22 in the width direction, the distance
between the permanent magnet 50 and each of the fixed
contact 11 and the movable contact21 becomestoolarge
to obtain a magnetic flux that is strong enough to stretch
the arc. For this reason, the fixed contact 11 and the
movable contact 21 are disposed in positions closer to
the permanent magnet 50 to reduce the distance from
the permanent magnet 50 and obtain a magnetic flux that
is strong enough to stretch the arc.

[0021] In a case where an electric current flows from
the fixed contact part 10a to the fixed contact part 10b,
the electric current flows as indicated by dashed-dotted
arrows in FIGs. 8 through 9C. The direction in which the
electric current flows through the first contact pair is op-
posite the direction in which the electric current flows
through the second contact pair. As indicated by dotted
arrows, the magnetic field of the permanent magnet 50
is oriented substantially in -y direction at a position near
the fixed contacts 11 and the movable contacts 21. FIG.
8 is a perspective view, FIG. 9A is a left-side view, FIG.
9B is a front view, and FIG. 9C is a right-side view of the
relay.

[0022] In this case, the electric current flows through
the first contact pair in a direction from the fixed contact
11 toward the movable contact 21 as illustrated in FIG.
9A. Accordingly, an arc generated when the movable
contact 21 moves away from the fixed contact 11 is
stretched in +z direction indicated by a dashed double-
dotted arrow. As illustrated in FIG. 10A, the stretched arc
contacts the second arc extinguishing plate 62 disposed
away from the fixed contact 11 and the movable contact
21 in +z direction, heat is removed from the arc by the
second arc extinguishing plate 62, and the arc is quickly
extinguished.

[0023] Also, as illustrated in FIG. 9C, the electric cur-
rent flows through the second contact pair in a direction
from the movable contact 21 toward the fixed contact 11.
Accordingly, an arc generated when the movable contact
21 moves away from the fixed contact 11 is stretched in
-z direction. As illustrated in FIG. 10B, the stretched arc
contacts the first arc extinguishing plate 61 disposed
away from the fixed contact 11 and the movable contact
21 in -z direction, heat is removed from the arc by the
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first arc extinguishing plate 61, and the arc is quickly ex-
tinguished.

[0024] Thus, in the case where the electric current
flows from the fixed contact part 10a to the fixed contact
part 10b, an arc generated in the first contact pair and
stretched by the permanent magnet 50 contacts and is
extinguished by the second arc extinguishing plate 62,
and an arc generated in the second contact pair and
stretched by the permanent magnet 50 contacts and is
extinguished by the first arc extinguishing plate 61.
[0025] In a case where an electric current flows in a
direction opposite the direction in FIGs. 8 through 9C,
i.e., from the fixed contact part 10b to the fixed contact
part 10a, the electric current flows as indicated by
dashed-dotted arrows in FIGs. 11 through 12C. As indi-
cated by dotted arrows, the magnetic field of the perma-
nent magnet 50 is oriented substantially in -y direction at
the position near the fixed contacts 11 and the movable
contacts 21. FIG. 11 is a perspective view, FIG. 12A is
a left-side view, FIG. 12B is a front view, and FIG. 12C
is a right-side view of the relay.

[0026] In this case, as illustrated in FIG. 12A, the elec-
tric current flows through the first contact pair in a direc-
tion from the movable contact 21 toward the fixed contact
11 as indicated by a dashed dotted arrow. Accordingly,
an arc is stretched in -z direction. As illustrated in FIG.
13A, the stretched arc contacts the first arc extinguishing
plate 61 disposed away from the fixed contact 11 and
the movable contact 21 in -z direction, heat is removed
from the arc by the first arc extinguishing plate 61, and
the arc is quickly extinguished.

[0027] Also, as illustrated in FIG. 12C, the electric cur-
rent flows through the second contact pair in a direction
from the fixed contact 11 toward the movable contact 21
indicated by a dashed dotted arrow. Accordingly, an arc
is stretched in the +z direction. As illustrated in FIG. 13B,
the stretched arc contacts the second arc extinguishing
plate 62 disposed away from the fixed contact 11 and
the movable contact 21 in the +z direction, heat is re-
moved from the arc by the second arc extinguishing plate
62, and the arc is quickly extinguished.

[0028] Thus, in the case where the electric current
flows from the fixed contact part 10b to the fixed contact
part 10a, an arc generated in the first contact pair and
stretched by the permanent magnet 50 contacts and is
extinguished by the first arc extinguishing plate 61, and
anarcgenerated inthe second contact pair and stretched
by the permanent magnet 50 contacts and is extin-
guished by the second arc extinguishing plate 62.
[0029] As described above, the relay of the first em-
bodiment can quickly extinguish an arc regardless of the
direction in which an electric current flows.

[0030] In the relay of the first embodiment, as illustrat-
ed in FIG. 14, each of the first arc extinguishing plate 61
and the second arc extinguishing plate 62 may be formed
by two different types of materials. The first arc extin-
guishing plate 61 may be formed by joining a first part
61a and a second part 61b. The first part 61a is formed
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of ceramic and has higher thermal resistance than the
second part 61b. The second part 61b is formed of a
metal such as copper or aluminum and has higher ther-
mal conductivity than the first part 61a. The first part61a
and the second part 61b are arranged such that the first
part 61a faces the fixed contact 11 and the movable con-
tact 21. Similarly, the second arc extinguishing plate 62
may be formed by joining a first part 62a formed of ce-
ramic and a second part 62b formed of metal. The first
part 62a and the second part 62b are arranged such that
the first part 62a faces the fixed contact 11 and the mov-
able contact 21. The first parts 61a and 62a contacting
the arc first have higher thermal resistance and therefore
are less likely to be damaged by the arc, and the second
parts 61a and 62b having higher thermal conductivity can
improve heat radiation. Accordingly, forming each of the
first arc extinguishing plate 61 and the second arc extin-
guishing plate 62 with two different materials makes it
possible to implement a highly-reliable relay.

[0031] When an arc stretched in an M-shape is further
stretched and wraps around an arc extinguishing plate,
the stretched arc may short-circuit behind the arc extin-
guishing plate and become short again. As a result, it
becomes difficult to extinguish the arc. To prevent a
stretched arc from wrapping around the first arc extin-
guishing plate 61 or the second arc extinguishing plate
62 and short-circuiting behind the arc extinguishing plate
as illustrated in FIGs. 15 and 16, the relay may include
a first arc extinguishing plate 161 that is attached to the
insulation case 90 such that no gap is formed in -z direc-
tion, and a second arc extinguishing plate 162 that is
attached to a ceiling 196 of a cover 195 such that no gap
is formed in +z direction.

[0032] As illustrated in FIG. 17, a press-in socket 197
is provided on the ceiling 196. The second arc extinguish-
ing plate 162 is attached to the ceiling 196 by pressing
the second arc extinguishing plate 162 into the socket
197. Thefirst arc extinguishing plate 161 is attached such
that the first arc extinguishing plate 161 is inclined with
respect to a surface of the insulation case 90 in order to
prevent the first arc extinguishing plate 161 from inter-
fering with the bent bottom part of the fixed terminal 12.
However, as long as no gap is formed in -z direction, the
first arc extinguishing plate 161 may be attached to the
insulation case 90 in any other manner.

<SECOND EMBODIMENT>

[0033] Next, a second embodiment is described. As
illustrated in FIGs. 18 and 19, a relay of the second em-
bodiment includes a permanent magnet 150 that is long
in z direction. For example, as illustrated in FIG. 20, if a
permanent magnet 51 that is short in the z direction is
used, a generated arc is stretched toward the permanent
magnet 51 as indicated by a dashed double-dotted arrow
and may damage the movable spring 22 and the arma-
ture 40 near the permanent magnet 51.

[0034] In the second embodiment, the permanent
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magnet 150 that is long in z direction is used, and the
fixed contact 11 and the movable contact21 are disposed
in positions that are shifted in -z direction from the center
ofthe permanent magnet 150 in the longitudinal direction.
With this configuration, as indicated by a dashed double-
dotted arrow in FIG. 19, a generated arc is first stretched
in a direction away from the permanent magnet 150 and
contacts the second arc extinguishing plate 62 at a po-
sition away from the permanent magnet 150. Thus, it is
possible to extinguish the arc before the arc contacts the
side wall 91 and the spring 70. For this reason, the fixed
contact 11 and the movable contact 21 are disposed in
positions that are shifted from a center 150a of the per-
manent magnet 150 in a direction that is opposite the
direction in which an arc generated between the fixed
contact 11 and the movable contact 21 is stretched.
[0035] In the relay of the second embodiment, the di-
rection in which an electric current flows through the first
contact pair is opposite the direction in which the electric
current flows through the second contact pair. Accord-
ingly, an arc generated on the first contact pair and an
arc generated on the second contact pair are stretched
by the permanent magnet 150 in opposite directions.
When an arc is stretched long toward the upper side of
the figure having a larger space and is preferentially ex-
tinguished, an arc generated between another contact
pair and stretched toward the lower side of the figure is
naturally extinguished because the arcs are arranged in
series in an electric circuit. This also applies to a case
where the electric current flows in the opposite direction.
As indicated in FIG. 19, the magnetic field of the perma-
nent magnet 150 is distributed such that the magnetic
field spreads wider as the distance from the center in the
vertical direction increases. Because the fixed contact
11 and the movable contact 21 are positioned lower than
the center of the permanent magnet 150 in the vertical
direction, an arc is stretched such that the arc first ex-
tends away from the permanent magnet 150 and then
returns toward the permanent magnet 150 in upper po-
sitions.

[0036] Inotherwords, thefixed contact 11 and the mov-
able contact 21 are positioned in an area that is lower
than the center of the permanent magnet 150, and the
magnetic flux is generated in a downward direction rather
than in a horizontal direction in such area. Because an
arc extends in a direction orthogonal to the magnetic flux,
the arc is stretched at the position of the contacts by the
downward magnetic flux in a direction away from the per-
manent magnet 150. This in turn makes it possible to
prevent the arc from being stretched inward in an upper
areain FIG. 19.

[0037] Forexample, a distance d1 between the center
150a of the permanent magnet 150 and the center of the
fixed contact 11 is about 4 mm. In this case, a length t of
the permanent magnet 150 is about 22 mm, a width w of
the permanent magnet 150 is about 5.8 mm, and a dis-
tance d2 between the permanent magnet 150 and the
center of the fixed contact 11 is about 3.4 mm.
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[0038] Asillustrated in FIG. 21, the relay of the second
embodiment may be configured to not include the arc
extinguishing plates. Even with this configuration, be-
cause the fixed contact 11 and the movable contact 21
are disposed in positions shifted from the center of the
permanent magnet 150 in the longitudinal direction, an
arc can be stretched longer and damage caused by the
arc on the side wall 91 and the spring 70 can be reduced.
However, it is preferable to include the arc extinguishing
plates so that an arc can be more quickly extinguished.
[0039] Othercomponents and configurations of the re-
lay of the second embodiment are substantially the same
as those described in the first embodiment.

<THIRD EMBODIMENT>

[0040] Next, a third embodiment is described. In the
embodiment, an armature is formed of a magnetic ma-
terial with high permeability and has a certain thickness
to provide strength.

[0041] Asindicated by anarrow A in FIG. 22, the mag-
netic flux from the permanent magnet 150 passes
through the second side 40b of the armature 40. There-
fore, the magnetic field is weakened in an area higher
than the fixed contact 11 and the movable contact 21 in
+z direction, and the effect of the magnetic field to stretch
the arc may be reduced.

[0042] Whenthe movable contact21 moves away from
the fixed contact 11, the second side 40b of the armature
40 contacts a backstop 93 formed on the insulation case
90 while the restoring force of the spring 70 is maintained
to position the movable contact 21 attached to the mov-
able spring 22 and to suppress the return bounce of the
movable contact 21.

[0043] The second side 40b of the armature 40 that is
thicker than the movable spring 22 and has a greater
thermal capacity than the movable spring 22 is config-
ured to contact the backstop 93, so that the backstop 93
is not affected by heat generated by an arc or when elec-
tricity flows between the contacts.

[0044] As illustrated in FIGs. 23 and 24, a relay of the
third embodiment includes an armature 240 that is divid-
ed at the bend into a first side 240a to be brought into
contact with the electromagnet 30 and a second side
240b connected to the movable contact part 20. Multiple
slits 241 are formed in the second side 240b such that
the second side 240b is shaped like a comb having mul-
tiple teeth 242. The portion of the second side 240b where
the teeth 242 are formed exhibits high magnetic reluc-
tance, and therefore the magnetic flux entering the sec-
ond side 240b is reduced. This configuration makes it
possible to prevent the magnetic field of the permanent
magnet 150 from being weakened in an area higher than
the fixed contact 11 and the movable contact 21 in +z
direction, and to prevent the reduction in the effect of the
magnetic field to stretch the arc.

[0045] Further, the tooth 242 contact the backstop 93
to position the movable contact 21 attached to the mov-
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able spring 22 and to suppress the return bounce of the
movable contact 21.

[0046] In the third embodiment, a width s1 of each slit
241 is about 1 mm, and a length s2 of the slit 241 is about
3 mm.

[0047] The second side 240b of the armature 240 con-
tacts the backstop 93 to stop the backward movement.
In a state where the armature 240 is in the home position
and in contact with the backstop 93, the spring 70 is still
tensioned and prevents the bounce of the movable con-
tact 21 returning to the home position. When the backstop
93 is not provided, the position of the returned armature
240 in the returned state becomes unstable, and the op-
erating voltage to bring the movable contact 21 into con-
tact with the fixed contact 11 becomes unstable.

[0048] As illustrated in FIG. 25, the relay of the third
embodiment may be configured to not include the arc
extinguishing plates. Even with this configuration, it is
possible to stretch an arc. However, it is preferable to
include the arc extinguishing plates so that an arc can
be more quickly extinguished.

[0049] Other components and configurations of the re-
lay of the third embodiment are substantially the same
as those described in the first or second embodiment.
[0050] An aspect of this disclosure makes it possible
to provide arelay that can quickly extinguish an arc even
when an electric current flows in both directions, and
makes it possible to improve the reliability of the relay.
[0051] Relays according to embodiments of the
present invention are described above. However, the
present invention is not limited to the specifically dis-
closed embodiments, and variations and modifications
may be made without departing from the scope of the
present invention.

Claims
1. An electromagnetic relay, comprising:

a first contact pair including a first fixed contact
part and a first movable contact part, and a sec-
ond contact pairincluding a second fixed contact
part and a second movable contact part, each
fixed contact part including a fixed terminal and
a fixed contact connected to the fixed terminal,
and each movable contact part including a mov-
able spring and a movable contact connected
to the movable spring;

an armature to which the movable contact part
is connected;

an electromagnet configured to move the arma-
ture;

amagnet configured to stretch an arc generated
between the fixed contact and the movable con-
tact; and

a first arc extinguishing plate and a second arc
extinguishing plate configured to extinguish the
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stretched arc, wherein

each fixed contact and each movable contact
are disposed between the first arc extinguishing
plate and the second arc extinguishing plate;
and

the magnetis disposed between the first contact
pair and the second contact pair.

The electromagnetic relay as claimed in claim 1,
wherein a line connecting the first arc extinguishing
plate and the second arc extinguishing plate is sub-
stantially orthogonal to a direction of a magnetic field
of the magnet.

The electromagnetic relay as claimed in claim 1 or
2, wherein a direction in which an electric current
flows through the first contact pair is opposite a di-
rection in which the electric current flows through the
second contact pair.

The electromagnetic relay as claimed in any one of
claims 1 through 3, wherein the fixed contact and
the movable contact are disposed in positions that
are shifted from a center of the magnet in a direction
that is opposite a direction in which the arc generated
between the fixed contact and the movable contact
is stretched.

The electromagnetic relay as claimed in any one of
claims 1 through 4, wherein an end portion of the
armature to which the movable contact part is con-
nected has a comb shape.
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